We compared the safety and outcome of one-stage bilateral total hip arthroplasty with those of a two-stage procedure during different admissions in a prospective, randomised controlled trial in an Asian population. Of 168 patients included in the study, 83 had a single-and 85 a two-stage procedure. Most of the patients (59.9%) suffered from inflammatory arthritis.
The optimal timing of surgery in patients requiring bilateral hip replacement is controversial. A bilateral procedure is required in approximately 15% to 25% of patients. 1 Bilateral total hip arthroplasty (THA) as a single procedure has been described, [2] [3] [4] [5] but concerns have been expressed about the increased incidence of deep-vein thrombosis, 3 heterotopic ossification, 2 a reduced range of movement, 2 a suboptimal gain in walking ability, 6 and the mortality and morbidity in patients with medical problems. 7 The potential advantages of simultaneous bilateral THA include a single anaesthetic, a shorter hospital stay and better functional recovery in patients with severe bilateral deformities. While most published reports have compared the outcome of a single-stage bilateral procedure with that of a unilateral procedure by extrapolation, 2, [4] [5] [6] studies comparing the outcome of a singlestage bilateral procedure with that of a staged procedure are relatively few and none had prospective randomisation. 3, 8 Only by comparing a single-stage with a staged procedure can the safety and superiority of either approach be properly determined.
We have compared the peri-operative safety, transfusion requirements, post-operative function, the incidence of complications, the duration of hospital stay and the survival of the implant in a short-to intermediate-term follow-up in patients with simultaneous bilateral THA with those in patients with a staged procedure during two different admissions in a prospective, randomised controlled trial in an Asian population.
Patients and Methods
Between December 1996 and July 2001 we enrolled 177 patients admitted for bilateral THA in this study. The exclusion criteria included an American Society of Anaesthesiologists (ASA) 9 grade higher than 4, bony ankylosis, bilateral severe deformities, significant involvement of the knee and/or spine, and an inability to obtain informed consent. Patients with bilateral bony ankylosis and bilateral severe deformities were excluded from the study because we considered that a one-stage procedure gave superior functional recovery and randomisation may have deprived this group of this advantage. Patients with significant disability affecting the knee or spine may have encountered difficulties in post-operative functional recovery, making comparison difficult.
The regional research ethics committee approved the study protocol. Informed consent was obtained from all patients. They were randomly allocated using sealed envelopes on the day preceding the operation to have surgery in one or two stages. A total of 86 patients Hip had a one-stage bilateral THA and 91 a two-stage procedure with an interval ranging from three to seven months between the two operations. The second operation in the two-stage group was not done earlier than three months after the first in order to allow the physiological parameters to return to normal. Three patients from the one-stage group and six from the two-stage group were not available for regular follow-up and were excluded from the study, leaving 83 patients (166 hips) in the one-stage group and 85 (170 hips) in the two-stage group for further evaluation.
The age and gender distribution of patients in the two groups, the level of the haemoglobin and the haematocrit, the limb-length discrepancy and the Harris hip score (HHS) were recorded pre-operatively. No significant differences were found between the two groups ( Table I ). The levels of haemoglobin and the haematocrit in the two-stage group were calculated as the mean of two values before each operation. The fitness of the patients was categorised according to the ASA system. Both groups were further subdivided according to their pre-operative ASA status. Patients of ASA grade 1 and grade 2 were categorised as 'low risk' and those of ASA grade 3 and grade 4 as 'high risk' (Table II) . The cause of the hip disease was noted (Table III) . A single surgeon (SB) using a posterior approach performed all the operations eliminating potential bias related to the surgical technique. He had not been involved in randomisation of the patients and was informed of the patients' allocation the day before the operation. The most symptomatic hip was always treated first. The procedures were carried out in a laminar airflow operating room under combined spinal and epidural anaesthesia.
The decision as to whether cemented or cementless fixation was to be used was made at the time of admission, depending upon the quality of the bone stock and the age of the patient. All patients with good bone stock and less than 65 years of age (106 hips in the one-stage group and 104 hips in the two-stage group) underwent cementless arthroplasty (Harris Galante II and Versys Trilogy; Zimmer, Warsaw, Indiana). A cemented procedure using a CPT femoral stem and ZCA cup (Zimmer) was used in the rest of the patients (60 hips in the one-stage group and 66 in the twostage group). A third-generation cementing technique was used in the cemented hips. The press-fit technique of insertion of the acetabular shell involved under-reaming of the acetabulum by 2 mm before impaction of the implant prior to supplementary fixation by two or three screws in most cases.
Before a bilateral procedure, two tables with draping equipment were set up and placed next to the laminar flow unit. One table was left covered during the first operation for later use on the opposite side. As the skin closure with staples was begun on the first hip, the second assistant unscrubbed and then rescrubbed along with a separate nurse for the opposite hip. As soon as the dressing had been applied and the patient repositioned, the second assistant prepared the skin of the second hip. The surgeon and the first assistant rescrubbed and regowned. The time from the last skin staple on the first hip to the skin incision of the second hip was 15 to 20 minutes. One suction drain was placed in each hip for post-operative drainage.
The operating time, intra-operative blood loss, and any intra-operative complications were recorded. In the one- stage group the operating time was calculated as the time between the induction of anaesthesia and skin closure on the second hip, and in staged procedures as the sum of the time between the induction of anaesthesia and skin closure in each operation. Intra-operative blood loss was estimated by measuring the volume of blood in the suction bottles, weighing the swabs used and deducting the volume of irrigation fluid. Total blood loss was calculated as the sum of the estimated intra-operative blood loss and the blood collected in the suction drains in the first 24 hours. For the patients in the two-stage group, the total blood loss and the length of hospital stay were calculated as the sum of the values for each operation. The length of hospital stay was calculated from the day of operation until discharge. Each patient received 1 g of Ceftriaxone intravenously before operation followed by 1 g twice daily for three days. Subcutaneous enoxaparin (40 mg once daily) was given to all patients starting on the day of surgery and continuing for seven to ten days. Anti-embolism stockings were also worn. Oral aspirin (150 mg once daily) was given for three to four weeks after the discontinuation of enoxaparin. No routine screening for deep vein thrombosis (DVT) was performed, but Doppler ultrasonography was carried out if it was suspected. Early mobilisation was used both to prevent DVT and to hasten functional recovery, commencing with mobilisation in bed from the second post-operative day in all patients. Full-weight-bearing was allowed from the third day onwards in those with cemented arthroplasty. Patients with cementless components were allowed full weight-bearing after 12 weeks. Those with ankylosing spondylitis received oral indomethacin, 25 mg three times daily for three weeks as prophylaxis against heterotopic ossification.
Post-operatively, the haematocrit was measured at eight hours and the haemoglobin levels on the first, second and third post-operative days. Any blood transfusion was also recorded. The transfusion requirement was assessed by the resident on-call guided by intra-operative blood loss, clinical and haematological parameters. No single parameter was used.
Complications local to each joint including fracture, dislocation, superficial wound infection, deep wound infection around the prosthesis and the incidence of heterotopic ossification were recorded. Systemic complications including cardiac and gastro-intestinal complications, cerebrovascular accidents, phlebitis/pulmonary embolism, and urinary tract infection were noted and systemic complications which occurred in the same patient during both procedures in the two-stage group were added and the sum used for comparison. Radiological evaluation. An independent investigator, blinded to the study group, evaluated the post-operative radiographs obtained one month after operation and at one month after the second procedure in the two-stage group. The parameters recorded were the angle of abduction of the cup and the alignment of the stem, measured as the angle between the stem and the long axis of the femur on anteroposterior radiographs and classified as varus, neutral or valgus. On the lateral radiograph, the stem alignment was classified as anterior, neutral or posterior. Limb-length discrepancy was determined from measurement of the distance between the upper margin of the lesser trochanter and the interteardrop line on the anteroposterior radiograph of the pelvis. Post-operative follow-up. The patients had clinical and radiological evaluation at one, three, six and 12 months and biennially thereafter following a simultaneous bilateral procedure and the second procedure in the two-stage group. Those patients in the two-stage group were followed at monthly intervals until the second procedure. Since the patients who received a cementless THA were allowed to bear weight only after three months from surgery, the HHS was recorded six months after operation in all patients. They then carried out a timed 10-metre walking test to assess walking speed, examining the overall time to travel ten metres and the time to walk the middle six metres. The use of any walking aid was also noted. The incidence of heterotopic ossification at any point during follow up was recorded using the classification of Brooker et al. 10 Any other complications and the details of any revision procedure were also noted. Statistical analysis. Sample-size estimation showed that 80 patients in each group would be required to show a difference in post-operative haemoglobin level of 0.5 g/dl and a difference in length of stay of half a day, with an alpha level of 0.05 and a beta level of 0.20, that is, a power of 80%.
Statistical analysis was undertaken using the SPSS v10.0 program (SPSS Inc., Chicago, Illinois) with the independent sample t -test for continuous variables and the chi-squared test for dichotomous variables. The level of significance applied was 95.0% (p < 0.05). Kaplan-Meier survivorship was calculated using revision of either prosthetic component as the end-point.
Results
There were no significant differences in age, gender, aetiology, pre-operative haemoglobin, ASA status, pre-operative limb-length discrepancy and the HHS between the two groups (Tables I and II) .
No significant difference was found between the two groups with respect to the operating time, 207.42 minutes ( SD 37.82) in the one-stage group and 215.58 minutes ( SD 37.39) in the two-stage group (p = 0.16). The mean total blood loss was significantly higher in the two-stage group compared with that in the one-stage group (1997.06 ml ( SD 490.78) and 1473.86 ml ( SD 517.14)) respectively (p < 0.001). The mean number of blood units transfused was significantly lower in the two-stage group. The postoperative haematocrit at eight hours was significantly lower in the one-stage group, 0.287 ( SD 0.051) as compared with 0.321 ( SD 0.045) in the two-stage group (p = 0.024; Table IV ).
Intra-operative complications. One hip in each group had an intra-operative fracture. A trochanteric fracture occurred in one patient in the one-stage group during preparation of the femoral canal for a cementless stem; it was stabilised by wiring. A patient in the two-stage group had a fracture of the medial acetabular wall during press-fit insertion of the acetabular shell. Neither fracture caused any post-operative problems and the patients were mobilised according to the routine protocol. Early post-operative complications. No significant difference was found in the incidence of complications in the early post-operative period between the two groups (Table V) . Superficial infection occurred in four hips in the one-stage group and in three in the two-stage patients. All responded to local wound care and antibiotics. Deep infection was detected in two hips in the one-stage and in one hip in the two-stage group. In all three cases treatment consisted of debridement and irrigation with retention of the prosthesis along with intravenous antibiotic therapy for six weeks. The level of C-reactive protein and the erythrocyte sedimentation rate returned to normal by eight weeks postoperatively. Dislocation occurred in one hip in the twostage group on the third post-operative day after the second-side and was managed by closed reduction under anaesthesia. The patient was mobilised with an abduction brace for three months without recurrence.
The overall incidence of systemic complications was similar in the two groups. No deaths occurred. Although in our study group there was no significant difference in the incidence of major complications between high-risk (ASA 3 and 4) and low-risk (ASA 1 and 2) subgroups in both groups, no valid conclusions could be drawn since the number of patients in the high-risk subgroup was small compared with that in the low-risk subgroup. Radiological findings. Complete sets of radiographs were available for 165 patients. Three patients who had only anteroposterior films were excluded from the analysis. The mean angle of abduction of the cup was 45.36˚ ( SD 2.98˚) in the one-stage group and 44.95˚ ( SD 2.67˚) in the twostage group (p = 0.35). The alignment of the femoral stem on both anteroposterior and lateral radiographs was similar in both groups (Table VI) 
Discussion
Our study has shown no detrimental effects when undertaking a single-stage bilateral THA compared with a staged procedure with an interval of at least three months between the sides. Most of our cases were ASA grade 1 or grade 2 and this may have had a favourable effect on the lack of systemic complications. Alfaro-Adrian et al 8 reported a higher incidence of peri-and post-operative complications in patients with significant co-morbidities (ASA grade 3 and grade 4) whether the operation was staged or conducted as a single procedure.
Although the total estimated blood loss was significantly lower in patients undergoing a one-stage procedure, the transfusion requirements were significantly higher than in the two-stage group. The need for a transfusion was guided by the post-operative haematocrit which was significantly lower in these patients. Since the total blood loss in the twostage group was the sum of two values during two procedures, carried out at least three months apart, it is easy to understand why the transfusion requirements were lower in these patients. Similar observations were made by Salvati et al 3 and Alfaro-Adrian et al. 8 We did not find any significant difference in the operating time between the two groups.
Ritter and Vaughan 11 found a significant increase in the rate of formation of heterotopic bone in patients who underwent a single-stage procedure. They suggested that this may have occurred because there were more patients with gross bilateral osteoarthritis in the one-stage group. Although we had a comparable number of patients with similar aetiologies we did not encounter any difference in the rate of post-operative heterotopic ossification.
The incidence of fatal pulmonary embolism has been reported as being between 1.04% and 1.5%, and that of non-fatal pulmonary embolism between 7.89% and 11.5% in patients undergoing elective unilateral THA. 5, 12, 13 In our study group the incidence of non-fatal thromboembolism was 0.6% with no significant difference between the two groups. There were no fatalities. However, the number of patients was probably too small to detect any difference between groups. The incidence of clinically evident DVT was similar in both. Many earlier studies comparing the incidence of DVT in unilateral THA and single-stage bilateral THA have reported a higher incidence in the latter group. 2, 4, 12 However, recent studies have compared the incidence of DVT and pulmonary thromboembolism in single-stage and two-stage bilateral THA and have found no difference between the two approaches. 8, 14 Ritter and Stringer 4 attributed this to improvement in anticoagulation therapy and to early post-operative mobilisation.
Concern has been expressed that there was a suboptimal gain in the range of movement and improvement in gait in patients undergoing bilateral THA. 4, 6 Both of these studies, however, had compared the results of bilateral with those of unilateral replacement. The functional outcome in a patient with a unilateral THA who has a normal contralateral hip cannot be compared with a patient with bilateral THA. We did not find any significant difference in the functional outcome of bilateral THA, as evaluated by the HHS and walking capacity at six months, whether done as a single-stage or in two stages. Wykman and Olsson 6 found that in patients with bilateral hip disease, optimal function is not entirely regained until both hips have been replaced.
Radiological evaluation at one month after operation showed similar results with regard to the positioning of the acetabular and femoral components and restoration of limb-length in the two groups. These observations suggest that positioning of the component is not compromised during the simultaneous procedure. The survival was also similar in the two groups.
The length of hospital stay in the single-stage group was significantly shorter than that in the two-stage patients. Although we did not assess the costs involved, this would certainly have an impact in reducing the economic burden. Similar results have been reported by other authors. 3, 7, 8 A single-stage bilateral THA is as safe as a two-stage procedure in patients in ASA grade 1 and grade 2 and probably also in grade 3 and 4. Although the need for transfusion is greater in patients undergoing a one-stage procedure there is no increase in the incidence of complications. The length of the hospital stay was reduced in the single-stage procedure and therefore costs are likely to be less.
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